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(57) ABSTRACT 

In an optical multiplexer/demultiplexer comprising optical 
multiplexer/demultiplexer circuits connected in multistage, 
the optical multiplexer/demultiplexercircuits each have two 
input ports and two output ports, an optical path, through 
which input optical signals with predetermined wavelengths 
are output after multiplexing and demultiplexing, varies 
depending upon the input port; the optical paths in each of 
the optical multiplexer/demultiplexercircuits have mutually 
opposite wavelength dispersion characteristics, and one of 
the optical paths in a first optical multiplexer/demultiplexer 
circuit is connected to one of the optical paths, in a Second 
optical multiplexer/demultiplexer circuit, having wave 
length dispersion characteristics opposite to the optical path 
in the first optical multiplexer/demultiplexer circuit. By 
Virtue of this construction, an optical multiplexer/ 
demultiplexer can be realized which causes no significant 
wavelength dispersion and, at the same time, has excellent 
wavelength flatness characteristics in passband. 
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OPTICAL MULTIPLEXER/DEMULTIPLEXER 

FIELD OF THE INVENTION 

The invention relates to an optical multiplexer/ 
demultiplexer, particularly to an optical multiplexer/ 
demultiplexer which can Significantly reduce the wave 
length dispersion, and further to an optical multiplexer/ 
de multiplexer which can Simultaneously perform 
multiplexing processing and demultiplexing processing. 

BACKGROUND OF THE INVENTION 

An interleave System, which is one form of advanced 
wavelength multiplexing communications, requires an opti 
cal multiplexer/demultiplexer having a function Such that a 
Signal with certain channel wavelength spacings is demul 
tiplexed to two signals with doubled channel wavelength 
spacings, or conversely, two Signals are multiplexed to one 
Signal. 

FIG. 12 is an explanatory view showing one example of 
a prior art technique for coping with this demand. Since a 
broad and flat wavelength passband is required of the optical 
multiplexer/demultiplexer used in the interleave, as shown 
in FIG. 12, the prior art technique has adopted a multistage 
connected construction of Mach-Zehnder interference cir 
cuits which each comprise four optical couplers (directional 
couplers) 24, 25, 26, 27 and waveguide pairs each compris 
ing two waveguides with different lengths (28, 29), (30,31), 
(32, 33), for connecting the optical couplers to each other 
(see, for example, U.S. Pat. No. 5,852.505). 

FIG. 13 shows a spectral response for an input/output port 
22 in the case where a white light Source is input through an 
input/output port 21, and FIG. 14 a spectral response for an 
input/output port 23. When Signals , , , , with channel 
spacings of about 0.4 nm (frequency 50 GHz) are input 
through the port 21, and are output through the port 22 
while and are output through the port 23. In this case, the 
output signals have channel wavelength spacings of about 
0.8 nm (frequency 100 GHz). The multistage construction of 
Mach-Zehnder interference circuits shown in FIG. 12 has an 
advantage that, as shown in wavelength loSS characteristics 
in FIGS. 13 and 14, a broad and flat passband can be 
provided. 

The optical multiplexer/demultiplexer shown in FIG. 12, 
however, Suffers from a problem that the realization of good 
loSS wavelength flatness disadvantageously leads to wave 
length dispersion. 

FIG. 15 shows wavelength dispersion characteristics for a 
path wherein optical Signals are input through the port 21 
and output through the port 22, and FIG. 16 wavelength 
dispersion characteristics for a path wherein optical signals 
are input through the port 21 and output through the port 23. 
For both the drawings, in the abscissa, frequency is used 
instead of the wavelength, while the ordinate represents only 
dispersion around passbands (around passband and around 
passband). AS is apparent from the drawings, the disper 

sion around the passbands is about 30 pS/nm. This value, of 
course, varies depending upon parameters. In theory, 
however, it is unavoidable that improving the loSS wave 
length flatneSS leads to dispersion. This wavelength disper 
Sion is Significantly disadvantageous in terms of transmis 
Sion Speed of the System and relay distance. 

Further, the conventional optical multiplexer/ 
demultiplexer can have both optical multiplexing and optical 
demultiplexing functions. However, multiplexing proceSS 
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2 
ing and demultiplexing processing of a plurality of optical 
Signals derived from different signal Sources could not have 
been Simultaneously performed in a Single optical 
multiplexer/demultiplexer. This has necessitated the provi 
Sion of at least one optical multiplexer/demultiplexer for 
multiplexing and at least one optical multiplexer/ 
demultiplexer for demultiplexing. Therefore, a Space for the 
necessary number of optical multiplexer/demultiplexers 
should be provided. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to Solve the 
above problem of the prior art and to provide an optical 
multiplexer/demultiplexer which causes no significant 
wavelength dispersion (theoretically has no wavelength 
dispersion) and, at the same time, has excellent wavelength 
flatness characteristics in passband. 

It is another object of the invention to realize an optical 
multiplexer/demultiplexer which can reduce the Space nec 
essary for the optical multiplexer/demultiplexer to perform 
the multiplexing processing and demultiplexing processing 
of a plurality of optical Signals derived from different Signal 
SOUCCS. 

According to the first feature of the invention, an optical 
multiplexer/demultiplexer comprises optical multiplexer/ 
demultiplexer circuits connected in multistage, wherein: 

the optical multiplexer/demultiplexer circuits each have 
two input ports and two output ports, 

an optical path, through which input optical signals with 
predetermined wavelengths are output after multiplex 
ing and demultiplexing, varies depending upon the 
input port, 

the optical paths in each of the optical multiplexer/ 
demultiplexer circuits have mutually opposite wave 
length dispersion characteristics, and 

one of the optical paths in a first optical multiplexer/ 
demultiplexercircuit is connected to one of the optical 
paths, in a Second optical multiplexer/demultiplexer 
circuit, having wavelength dispersion characteristics 
opposite to the optical path in the first optical 
multiplexer/demultiplexer circuit. 

This optical multiplexer/demultiplexer may comprise two 
optical multiplexer/demultiplexercircuits connected to each 
other, wherein: 

Said optical multiplexer/demultiplexer circuits each have 
a waveguide with first and third ports as terminals and 
a waveguide with Second and fourth ports as terminals, 
and have optical multiplexing/demultiplexing charac 
teristics Such that, for optical Signals with predeter 
mined wavelengths, the optical Signals input through 
the first port are output through the third port while 
optical Signals input through the Second port are output 
through the fourth port; 

the wavelength dispersion characteristics, in the case 
where the optical Signals are input through the first port 
and output through the third port, are opposite to the 
wavelength dispersion characteristics in the case where 
the optical Signals are input through the Second port and 
output through the fourth port; and 

the third port in the first optical multiplexer/demultiplexer 
circuit, when the first port in the first optical 
multiplexer/demultiplexer circuit is used as an input 
port, is connected to the Second port in the Second 
optical multiplexer/demultiplexer circuit while the 
fourth port in the Second optical multiplexer/ 
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demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths. 

Further, the optical multiplexer/demultiplexer may com 

4 
the fourth port in the Second optical multiplexer/ 

demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths while 
the third port in the third optical multiplexer/ 
demultiplexercircuit is used as an output port for other 
optical Signals with predetermined wavelengths. 

Furthermore, the optical multiplexer/demultiplexer may 
comprise two optical multiplexer/demultiplexer circuits 
connected to each other, wherein: 

Said optical multiplexer/demultiplexer circuits each have 

prise two optical multiplexer/demultiplexer circuits con 
nected to each other, wherein: 5 

Said optical multiplexer/demultiplexer circuits each have 
a waveguide with first and third ports as terminals and 
a waveguide with Second and fourth ports as terminals, 
and have optical multiplexing/demultiplexing charac 
teristics such that, for optical signals with predeter 
mined wavelengths, the optical Signals input through 
the first port are output through the fourth port while 
optical Signals input through the Second port are output 
through the third port, 

a waveguide with first and third ports as terminals and 
a waveguide with Second and fourth ports as terminals, 
and have optical multiplexing/demultiplexing charac 
teristics Such that, for optical Signals with predeter 
mined wavelengths, the optical Signals input through 
the first port are output through the third port while 
optical Signals input through the Second port are output 
through the fourth port; 

the wavelength dispersion characteristics, in the case 
where the optical Signals are input through the first port 
and output through the third port, are opposite to the 
wavelength dispersion characteristics in the case where 
the optical Signals are input through the Second port and 
output through the fourth port; and 

the third port in the first optical multiplexer/demultiplexer 
circuit, when the first port in the first optical 
multiplexer/demultiplexer circuit is used as an input 
port, is connected to the fourth port in the Second 
optical multiplexer/demultiplexercircuit while the Sec 
ond port in the Second optical multiplexer/ 
demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths. 

Furthermore, the optical multiplexer/demultiplexer may 
comprise two optical multiplexer/demultiplexer circuits 
connected to each other, wherein: 

Said optical multiplexer/demultiplexer circuits each have 

the wavelength dispersion characteristics, in the case 
where the optical Signals are input through the first port 
and output through the fourth port, are opposite to the 
wavelength dispersion characteristics in the case where 
the optical Signals are input through the Second port and 
output through the third port, and 

the fourth port in the first optical multiplexer/ 
demultiplexer circuit, when the first port in the first 
optical multiplexer/demultiplexer circuit is used as an 
input port, is connected to the Second port in the Second 
optical multiplexer/demultiplexer circuit while the 
third port in the Second optical multiplexer/ 
demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths. 

Furthermore, the optical multiplexer/demultiplexer may 
comprise three optical multiplexer/demultiplexer circuits 
integrated with each other, wherein: 

Said optical multiplexer/demultiplexer circuits each have 
a waveguide with first and third ports as terminals and 
a waveguide with Second and fourth ports as terminals, 

Said optical multiplexer/demultiplexer circuits have opti- 35 
cal multiplexing/demultiplexing characteristics Such 

15 
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that, for optical Signals with predetermined 
wavelengths, the optical signals input through the first 
port are output through the third port while optical 
Signals input through the Second port are output 
through the fourth port, and the wavelength dispersion 
characteristics, in the case where the optical Signals are 
input through the first port and output through the third 
port, are opposite to the wavelength dispersion char 
acteristics in the case where the optical signals are input 
through the Second port and output through the fourth 
port, 

for other optical Signals with predetermined wavelengths, 
the optical multiplexing/demultiplexing characteristics 
are Such that the optical Signals input through the first 
port are output through the fourth port while optical 
Signals input through the Second port are output 
through the third port, and the wavelength dispersion 
characteristics, in the case where the optical Signals are 
input through the first port and output through the 
fourth port, are opposite to the wavelength dispersion 
characteristics in the case where the optical Signals are 
input through the Second port and output through the 
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a waveguide with first and third ports as terminals and 
a waveguide with Second and fourth ports as terminals, 
and have optical multiplexing/demultiplexing charac 
teristics Such that, for optical Signals with predeter 
mined wavelengths, the optical Signals input through 
the first port are output through the fourth port while 
optical Signals input through the Second port are output 
through the third port, 

the wavelength dispersion characteristics, in the case 
where the optical Signals are input through the first port 
and output through the fourth port, are opposite to the 
wavelength dispersion characteristics in the case where 
the optical Signals are input through the Second port and 
output through the third port, and 

the fourth port in the first optical multiplexer/ 
demultiplexer circuit, when the first port in the first 
optical multiplexer/demultiplexer circuit is used as an 
input port, is connected to the third port in the Second 
optical multiplexer/demultiplexercircuit while the Sec 
ond port in the Second optical multiplexer/ 
demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths. 

third port; Furthermore, the optical multiplexer/demultiplexer may 
the third port in the first optical multiplexer/demultiplexer 60 comprise three optical multiplexer/demultiplexer circuits 

circuit, when the first port in the first optical integrated With each other, wherein: 
multiplexer/demultiplexer circuit is used as an input Said optical multiplexer/demultiplexer circuits each com 
port, is connected to the Second port in the Second prise a waveguide with first and third ports as terminals 
optical multiplexer/demultiplexer circuit, and the and a waveguide with Second and fourth ports as 
fourth port in the first optical multiplexer/demultiplexer 65 terminals, 
circuit is connected to the Second port in the third Said optical multiplexer/demultiplexer circuits have opti 
optical multiplexer/demultiplexer circuit, and cal multiplexing/demultiplexing characteristics Such 
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that, for optical Signals with predetermined 
wavelengths, the optical signals input through the first 
port are output through the third port while optical 
Signals input through the Second port are output 
through the fourth port, and the wavelength dispersion 
characteristics, in the case where the optical Signals are 
input through the first port and output through the third 
port, are opposite to the wavelength dispersion char 
acteristics in the case where the optical signals are input 
through the Second port and output through the fourth 
port, 

for other optical Signals with predetermined wavelengths, 
the optical multiplexing/demultiplexing characteristics 
are Such that the optical Signals input through the first 
port are output through the fourth port while optical 
Signals input through the Second port are output 
through the third port, and the wavelength dispersion 
characteristics, in the case where the optical Signals are 
input through the first port and output through the 
fourth port, are opposite to the wavelength dispersion 
characteristics in the case where the optical Signals are 
input through the Second port and output through the 
third port; 

the third port in the first optical multiplexer/demultiplexer 
circuit, when the first port in the first optical 
multiplexer/demultiplexer circuit is used as an input 
port, is connected to the fourth port in the Second 
optical multiplexer/demultiplexer circuit, and the 
fourth port in the first optical multiplexer/demultiplexer 
circuit is connected to the third port in the third optical 
multiplexer/demultiplexer circuit; and 

the Second port in the Second optical multiplexer/ 
demultiplexer circuit is used as an output port for 
optical Signals with predetermined wavelengths while 
the Second port in the third optical multiplexer/ 
demultiplexercircuit is used as an output port for other 
optical Signals with predetermined wavelengths. 

The optical multiplexer/demultiplexercircuits are prefer 
ably constructed so that Mach-Zehnder interference circuits 
each comprising a plurality of optical couplers, including 
directional couplers, and two waveguides, with different 
lengths, connecting the optical couplers to each other are 
connected in multistage. 

Further, the Mach-Zehnder interference circuits each 
preferably comprise a quartz-based plane optical waveguide 
Substrate. In this case, since three Mach-Zehnder interfer 
ence circuits can be integrated on a Single Substrate, the size 
of the optical multiplexer/demultiplexer can be reduced as 
compared with the case where three Mach-Zehnder inter 
ference circuits are connected through an optical fiber. 

Still further, according to another feature of the invention, 
an optical multiplexer/demultiplexer comprises: first, 
Second, and third optical multiplexer/demultiplexer circuits 
each having a plurality of optical paths including 
waveguides, and first, Second, and third optical isolators, 
wherein 

Said optical multiplexer/demultiplexer circuits each have 
first, Second, third, and fourth ports respectively at the 
terminals of the optical paths, and the first and Second 
ports are connected to the third and forth ports through 
the optical paths including waveguides, 

an optical Signal with a first predetermined wavelength, 
when input into the first port, is passed through the first 
optical path and is output through the third port; and the 
optical Signal with the first wavelength, when input into 
the fourth port, is passed through the Second optical 
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6 
path and is output through the Second port, the wave 
length dispersion characteristics of the first optical path 
being opposite to the wavelength dispersion character 
istics of the Second optical path with respect to the 
optical Signal with a first wavelength, 

an optical Signal with a Second predetermined 
wavelength, when input into the first port, is passed 
through the third optical path and is output through the 
fourth port; the optical Signal with the Second 
wavelength, when input into the fourth port, is passed 
through the third optical path and is output through the 
first port; and the optical Signal with the Second 
wavelength, when input into the third port, is passed 
through the fourth optical path and is output through 
the Second port, the wavelength dispersion character 
istics of the third optical path being opposite to the 
wavelength dispersion characteristics of the fourth 
optical path with respect to the optical Signal with a 
Second wavelength, 

Said first optical isolator is connected to the first port, on 
its input Side, of the first optical multiplexer/ 
demultiplexercircuit So that the optical Signal with the 
first or Second wavelength is input into the first optical 
multiplexer/demultiplexercircuit through the first opti 
cal isolator, 

Said Second optical isolator is connected to the first port, 
on its external Side, of the Second optical multiplexer/ 
demultiplexer circuit, and the third optical isolator is 
connected to the first port, on its external Side, of the 
third optical multiplexer/demultiplexer circuit, 

the third port of the first optical multiplexer/demultiplexer 
circuit is connected to the fourth port of the Second 
optical multiplexer/demultiplexer circuit, while the 
fourth port of the first optical multiplexer/ 
demultiplexer circuit is connected to the third port of 
the third optical multiplexer/demultiplexer circuit, 

Said optical signal with the first wavelength, when input 
into the first port of the first optical multiplexer/ 
demultiplexercircuit through the first optical isolator, is 
passed through the first optical path of the first optical 
multiplexer/demultiplexer circuit and the Second opti 
cal path of the Second optical multiple Xer/ 
demultiplexer circuit to perform optical multiplexing/ 
demultiplexing, followed by the output of the 
multiplexed/demultiplexed signal through the Second 
port of the Second optical multiplexer/demultiplexer 
circuit, 

Said optical signal with the first wavelength, when input 
into the first port of the third optical multiplexer/ 
demultiplexercircuit through the third optical isolator, 
is passed through the first optical path of the third 
optical multiplexer/demultiplexer circuit and the Sec 
ond optical path of the first optical multiplexer/ 
demultiplexer circuit to perform optical multiplexing/ 
demultiplexing, followed by the output of the 
multiplexed/demultiplexed signal through the Second 
port of the first optical multiplexer/demultiplexer 
circuit, 

Said optical Signal with the Second wavelength, when 
input into the first port of the first optical multiplexer/ 
demultiplexercircuit through the first optical isolator, is 
passed through the third optical path of the first optical 
multiplexer/demultiplexercircuit and the fourth optical 
path of the third optical multiplexer/demultiplexercir 
cuit to perform optical multiplexing/demultiplexing, 
followed by the output of the multiplexed/ 
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demultiplexed signal through the Second port of the 
third optical multiplexer/demultiplexer circuit, and 

Said optical Signal with the Second wavelength, when 
input into the first port of the Second optical 
multiplexer/demultiplexer circuit through the Second 
optical isolator, is passed through the third optical path 
of the Second optical multiplexer/demultiplexer circuit 
and the fourth optical path of the first optical 
multiplexer/demultiplexer circuit to perform optical 
multiplexing/demultiplexing, followed by the output of 
the multiplexed/demultiplexed signal through the Sec 
ond port of the first optical multiplexer/demultiplexer 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in con 
junction with the appended drawings, wherein: 

FIG. 1 is an explanatory view showing a preferred 
embodiment of the invention; 

FIG. 2 is an explanatory view showing another preferred 
embodiment of the invention; 

FIG. 3 is an explanatory view showing a Mach-Zehnder 
interference circuit as a constituent unit of the optical 
multiplexer/demultiplexer according to the invention; 

FIG. 4 is an explanatory view showing wavelength loSS 
characteristics in an output port 4 of an optical multiplexer/ 
demultiplexer according to the invention; 

FIG. 5 is an explanatory view showing wavelength loss 
characteristics in an output port 5 of an optical multiplexer/ 
demultiplexer according to the invention; 

FIG. 6 is an explanatory view showing wavelength loSS 
characteristics in an output port 4 of an optical multiplexer/ 
demultiplexer according to the invention; 

FIG. 7 is an explanatory view showing wavelength loss 
characteristics in an output port 5 of an optical multiplexer/ 
demultiplexer according to the invention; 

FIG. 8 is an explanatory view showing a difference in 
wavelength dispersion characteristics according to one com 
bination of input and output ports in the Mach-Zehnder 
interference circuit and the wavelength flatness of loSS for 
this combination; 

FIG. 9 is an explanatory view showing a difference in 
wavelength dispersion characteristics according to another 
combination of input and output ports in the Mach-Zehnder 
interference circuit and the wavelength flatness of loSS for 
this combination; 

FIG. 10 is an explanatory view showing a difference in 
wavelength dispersion characteristics according to Still 
another combination of input and output ports in the Mach 
Zehnder interference circuit and the wavelength flatness of 
loSS for this combination; 

FIG. 11 is an explanatory view showing a difference in 
wavelength dispersion characteristics according to a further 
combination of input and output ports in the Mach-Zehnder 
interference circuit and the wavelength flatness of loSS for 
this combination; 

FIG. 12 is an explanatory view showing a prior art 
technique; 

FIG. 13 is an explanatory view showing the wavelength 
loSS characteristics of a prior art technique; 

FIG. 14 is an explanatory view showing the wavelength 
loSS characteristics of a prior art technique; 

FIG. 15 is an explanatory view showing the wavelength 
dispersion characteristics and wavelength loSS characteris 
tics in a passband of a prior art technique; 
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FIG. 16 is an explanatory view showing the wavelength 

dispersion characteristics and wavelength loSS characteris 
tics in a passband of a prior art technique; 

FIG. 17 is a plan view illustrating another preferred 
embodiment of the optical multiplexer/demultiplexer 
according to the invention; 

FIG. 18 is a conceptual view of an optical multiplexer/ 
demultiplexer wherein the Mach-Zehnder interference cir 
cuits have been replaced by equivalent optical multiplexer/ 
demultiplexer circuits, 

FIG. 19 is a plan view illustrating another layout of the 
optical multiplexer/demultiplexer shown in FIG. 17; 

FIG. 20 is a graph showing wavelength loSS characteris 
tics, 

FIG. 21 is a graph showing wavelength loSS characteris 
tics, 

FIG. 22 is a graph showing wavelength loSS characteris 
tics, 

FIG. 23 is a graph showing wavelength loSS characteris 
tics, 

FIG. 24 is a graph showing wavelength dispersion char 
acteristics in a wavelength passband of an optical path; 

FIG. 25 is a graph showing wavelength dispersion char 
acteristics in a wavelength passband of an optical path; 

FIG. 26 is a graph showing wavelength dispersion char 
acteristics in a wavelength passband of an optical path; 

FIG. 27 is a graph showing wavelength dispersion char 
acteristics in a wavelength passband of an optical path; and 

FIG. 28 is a plan view illustrating a further preferred 
embodiment of the optical multiplexer/demultiplexer 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the invention will be explained 
in conjunction with the accompanying drawings. 

FIG. 1 shows a preferred embodiment of the waveguide 
type optical multiplexer/demultiplexer according to the 
invention. 

FIG. 2 shows another preferred embodiment of the 
waveguide-type optical multiplexer/demultiplexer accord 
ing to the invention. 

Both the preferred embodiments have an integrated Struc 
ture of three Mach-Zehnder interference circuits 2a, 2b, 2c. 
These three Mach-Zehnder interference circuits 2a, 2b, 2c as 
constituent units of the waveguide-type optical multiplexer/ 
demultiplexer have the Same Structure, except that, in FIG. 
1, the Mach-Zehnder interference circuit 2c is vertically 
symmetrical with the Mach-Zehnder interference circuit 2b, 
while, in FIG. 2, the Mach-Zehnder interference circuit 2a 
is laterally symmetrical with the Mach-Zehnder interference 
circuits 2b and 2c. 
As shown in FIG. 3, each of the Mach-Zehnder interfer 

ence circuits 2a, 2b, 2c comprises four directional coupler 
type optical couplers 10, 11, 12, 13 and a pair of waveguides 
(14, 15) which have different lengths and connect the 
coupler 10 to the coupler 11, a pair of waveguides (16,17) 
which have different lengths and connect the coupler 11 to 
the coupler 12, and a pair of waveguides (18, 19) which have 
different lengths and connect the coupler 12 to the coupler 
13. For the optical couplers 10, 11, the designed value of 
coupling is about 50%. The optical couplers 10, 11 may be 
replaced with MMI couplers. For the optical couplers 12, 13, 
the designed value of coupling is about 2%. ASSuming that 
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the difference in length between the waveguides 14 and 15 
is L., the equivalent refractive index of the waveguide is 
Neff, and the center wavelength of a waveband used in this 
optical multiplexer/demultiplexer is oc, the difference in 
length between the waveguides 16 and 17 is 2 L while the 
difference in length between the waveguides 18 and 19 is 4 
L-/Neff. In this preferred embodiment, L=2.033 um, Neff= 
1.44, and =1.55 um. AS shown in the drawing, the longer 
connecting waveguide 15 in the first stage is on the same 
Side as the longer connecting waveguide 19 in the third 
Stage, and the longer waveguide 17 in the Second Stage is 
connected on the side opposite to the waveguides 15 and 19. 
For convenience, numeral 6 designates a first port, numeral 
7 a second port, numeral 8 a third port, and numeral 9 a 
fourth port. 

FIGS. 8 to 11 show the wavelength dispersion character 
istics of the Mach-Zehnder interference circuit shown in 
FIG. 3. FIG. 8 shows the wavelength dispersion character 
istics and wavelength loss characteristics of a path (an 
optical path) wherein, in the circuit shown in FIG. 8, optical 
Signals are input through the upper input port (first port) and 
output through the upper output port (third port), and FIG. 
9 shows the wavelength dispersion characteristics and wave 
length loss characteristics of a path (an optical path) 
wherein, in the circuit shown in FIG. 9, optical Signals are 
input through the lower input port (Second port) and are 
output through the lower output port (fourth port). AS is 
apparent from FIGS. 8 and 9, these two paths are identical 
to each other in loSS wavelength characteristics and are 
opposite to each other in wavelength dispersion character 
istics. These paths may be connected to each other to 
mutually cancel the dispersion by taking advantage of this 
relationship. Although the passband is somewhat narrowed, 
the blocking characteristics are improved because filtering is 
performed twice. Therefore, the isolation is doubled. 
Similarly, a circuit shown in FIG. 10 wherein optical signals 
are input through the upper input port (first port) and are 
output through the lower output port (fourth port), and a 
circuit shown in FIG. 11 wherein optical Signals are input 
through the lower input port (Second port) and are output 
through the upper output port (third port), are identical to 
each other in wavelength loSS characteristics and are oppo 
Site to each other in wavelength dispersion characteristics. 
Two-stage connection of the three multistage Mach-Zehnder 
interference circuits So as to cancel the dispersion by taking 
advantage of this relationship can realize an optical 
multiplexer/demultiplexer wherein the dispersion is theo 
retically Zero. 

In the preferred embodiment shown in FIG. 1, the first 
port in the Mach-Zehnder interference circuit 2a is an input 
port 3, and the third and fourth ports in the Mach-Zehnder 
interference circuit 2a are connected to the Second port in the 
Mach-Zehnder interference circuit 2b and the second port in 
the Mach-Zehnder interference circuit 2c, respectively. 
Light input through the input port 3 is output through the 
output port 4 (the fourth port in the Mach-Zehnder interfer 
ence circuit 2b) or the output port 5 (the third port in the 
Mach-Zehnder interference circuit 2c) according to wave 
lengths of the light. 
On the other hand, in another preferred embodiment 

shown in FIG. 2, the first port in the Mach-Zehnder inter 
ference circuit 2a is an input port 3, and the third and fourth 
ports in the Mach-Zehnder interference circuit 2a are con 
nected to the fourth port in the Mach-Zehnder interference 
circuit 2b and the third port in the Mach-Zehnder interfer 
ence circuit 2c, respectively. Light input through the input 
port 3 is output through the output port 4 (the Second port in 
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10 
the Mach-Zehnder interference circuit 2b) or the output port 
5 (the second port in the Mach-Zehnder interference circuit 
2c) according to wavelengths of the light. 

For both the preferred embodiments, for example, when 
optical Signals , , , , with wavelength intervals of 0.4 nm 
are input through the input port 3, the optical signals, are 
output from the output port 4 while the optical Signals , , 
are output from the output port 5. In this connection, the 
Mach-Zehnder interference circuits are connected to each 
other So that the wavelength dispersion caused in the Mach 
Zehnder interference circuit 2a is cancelled by the Mach 
Zehnder interference circuit 2c. 

FIGS. 4 to 7 show the optical characteristics of this 
preferred embodiment shown in FIG. 1. FIG. 4 shows the 
wavelength loSS characteristics of an output port 4 in the 
case where optical Signals are input through an input port 3, 
FIG. 5 the wavelength loss characteristics of an output port 
5, and FIG. 6 the wavelength loss characteristics and wave 
length dispersion characteristics of the passband in the 
output port 4. AS can be seen from the drawing, wavelength 
flatneSS is achieved for the loSS in the passband, and, at the 
Same time, the dispersion is Substantially Zero over the 
whole passband. Similarly, FIG. 7 shows the wavelength 
loSS characteristics and wavelength dispersion characteris 
tics for the passband in the output port 5. AS can be seen 
from FIG. 7, the dispersion is substantially Zero while 
maintaining the wavelength flatness of loSS. 
The optical circuit according to this preferred embodi 

ment is a quartz-based plane optical wave circuit provided 
on a quartz Substrate 1. This circuit is prepared as follows. 
A core glass layer is formed by Sputtering and then patterned 
by photolithography and etching. A cladding is then formed 
thereon by plasma CVD. The core is formed of GeO2- or 
TiO2-doped SiO, the cladding is formed of Sio, and the 
substrate is also formed of SiO. After the preparation of the 
device, a CO2 laser is preferably applied to correct an error 
involved in the preparation. The device preparation process, 
however, is not limited to this only, and any waveguide 
preparation process commonly used in the art is applicable. 

FIG. 17 shows another preferred embodiment of the 
optical multiplexer/demultiplexer according to the inven 
tion. The optical multiplexer/demultiplexer shown in FIG. 
17 has three Mach-Zehnder interference circuits 42a, 42b, 
42c which are respectively the same as the Mach-Zehnder 
interference circuits 2a, 2b, 2c shown in FIG. 2. The optical 
multiplexer/demultiplexer shown in FIG. 17 is different 
from the optical multiplexer/demultiplexer shown in FIG. 2 
in that the Mach-Zehnder interference circuit 2a in its 
Second port (terminal 7) opened in the optical multiplexer/ 
demultiplexer shown in FIG. 2 is utilized as an output port 
in the Mach-Zehnder interference circuit 42a shown in FIG. 
17, that the Mach-Zehnder interference circuits 2b and 2c in 
their respective first ports opened in the optical multiplexer/ 
demultiplexer shown in FIG. 2 are utilized as an input port 
in each of the Mach-Zehnder interference circuits 42b and 
42c, and that an optical isolator 51 is interposed between the 
optical multiplexer/demultiplexer in its input port 43 and the 
Mach-Zehnder interference circuit 42a in its first port 
(terminal 6), an optical isolator 52 is interposed between the 
optical multiplexer/demultiplexer in its input port 47 and the 
Mach-Zehnder interference circuit 42b in its first port 
(terminal 6), and an optical isolator 53 is interposed between 
the optical multiplexer/demultiplexer in its input port 48 and 
the Mach-Zehnder interference circuit 42c in its first port 
(terminal 6). 
The combination of the three Mach-Zehnder interference 

circuits 42a, 42b, 42c in the optical multiplexer/ 
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demultiplexer shown in FIG. 17 has the same characteristics 
as the combination of the three Mach-Zehnder interference 
circuits 2a, 2b, 2c in the optical multiplexer/demultiplexer 
shown in FIG. 2. Therefore, when an optical signal with 2, 
22, 2, 2 is input through the input port 43, the optical 
multiplexer/demultiplexer shown in FIG. 17 functions as an 
optical demultiplexer with respect to optical signals 2, 2. 
and 2, 2 output respectively through the Second ports 
(terminal 7) of the Mach-Zehnder interference circuits 42b 
and 42c, that is, ports 44 and 45 of the optical multiplexer/ 
demultiplexer. In this case, independently of the presence of 
the optical isolator 51, the path of the optical Signal in the 
optical multiplexer/demultiplexer shown in FIG. 17 is the 
Same as that in the optical multiplexer/demultiplexer shown 
in FIG. 2. Therefore, the wavelength dispersion character 
istics are offset. 
On the other hand, when optical signals with different 

wavelengths, that is, an optical Signal with 2, 2 and an 
optical Signal with 21, 2, are input from the input ports 47, 
48 respectively through the optical isolators 52, 53, a 
multiplexed optical Signal with 2, 2, 2, 2 is output from 
the second port (terminal 7) of the Mach-Zehnder interfer 
ence circuit 42a, that is, the port 46 of the optical 
multiplexer/demultiplexer. That is, the optical multiplexer/ 
demultiplexer shown in FIG. 17 functions as an optical 
multiplexer. This means that the optical multiplexer/ 
demultiplexer shown in FIG. 17 can function simultaneously 
as one optical multiplexer and as one optical demultiplexer. 

Regarding the optical Signal which is input through the 
input ports 47, 48, multiplexed and then output through the 
port 46, the wavelength dispersion characteristics of the 
third optical path, which leads from the first port of the 
Mach-Zehnder interference circuit 42b to the fourth port 
(terminal 9), are opposite to those of the fourth optical path 
which leads from the third port (terminal 8) of the Mach 
Zehnder interference circuit 42a to the Second port (terminal 
7). At the same time, the wavelength dispersion character 
istics of the first optical path, which leads from the first port 
(terminal 6) of the Mach-Zehnder interference circuit 42c to 
the third port (terminal 8), are opposite to those of the Second 
optical path which leads from the fourth port (terminal 9) of 
the Mach-Zehnder interference circuit 42a to the second port 
(terminal 7). For all the paths, the wavelength dispersion 
characteristics are offset, and the wavelength dispersion is 
theoretically Zero. 

It is a matter of course that (equivalent) optical 
multiplexer/demultiplexercircuits having the same function 
as the Mach-Zehnder interference circuits 42a, 42b, 42c of 
the optical multiplexer/demultiplexer shown in FIG. 12 can 
be substituted for the Mach-Zehnder interference circuits 
42a, 42b, 42c. FIG. 18 shows a conceptual view of an optical 
multiplexer/demultiplexer wherein the terminals 6, 7, 8, and 
9 have been replaced with equivalent optical multiplexer/ 
demultiplexer circuits 62a, 62b, 62c. 

The optical multiplexer/demultiplexer shown in FIG. 17 
may have another layout on a quartz substrate 41. FIG. 19 
shows an embodiment of the another layout of the optical 
multiplexer/demultiplexer shown in FIG. 17. 
The optical multiplexer/demultiplexer shown in FIG. 17 

can be applied to a wavelength multiplexing optical com 
munication System, and is particularly Suitable for a bidi 
rectional transmission System. The optical multiplexer/ 
demultiplexer according to the invention is not limited to 
those using waveguides, and optical fiber-type couplers may 
also be used. 
An optical isolator having an isolation of about 20 dB was 

provided, and was fused and fixed to a waveguide module. 
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In this optical multiplexer/demultiplexer, when an optical 
Signal with ?, ?, ?, ?, of a wavelength spacing of 0.4 nm 
is input from the input port 43 into the first port (terminal 6) 
of the Mach-Zehnder interference circuit 42a through the 
optical isolator 51, an optical signal with 2, 2 is output 
through the port 44, and the optical Signal with 2, 2 is 
output through the port 45. AS described above, regarding 
the optical path, which leads from the input port 43 to the 
port 44, and the optical path, which leads from the input port 
43 to the port 45, the wavelength dispersion characteristics 
of the Mach-Zehnder interference circuits connected to each 
other are mutually offset. Therefore, the optical multiplexer/ 
demultiplexer shown in FIG. 17 functions as an optical 
demultiplexer of which the dispersion is theoretically Zero. 

FIG. 20 shows wavelength loss characteristics in the case 
where an optical Signal has been input through the input port 
43 and output through the port 44. FIG. 21 shows wave 
length loSS characteristics in the case where an optical Signal 
is input through the input port 43 and output through the port 
45. For wavelengths , ), or wavelengths 2, 2, the 
wavelength loss is zero (0) dB. 

FIG. 24 shows the wavelength dispersion characteristics 
in a wavelength passband of the optical path which leads 
from the input port 43 to the port 44, and FIG. 20 the 
wavelength dispersion characteristics in a wavelength pass 
band of the optical path which leads from the input port 43 
to the port 45. 
When an optical signal with 2, 2 is input through the 

input port 47 into the first port (terminal 6) of the Mach 
Zehnder interference circuit 42b through the optical isolator 
52 while an optical Signal with 2, ) is input through the 
input port 48 into the first port (terminal 6) of the Mach 
Zehnder interference circuit 42c through the optical isolator 
53, a multiplexed optical Signal with 21, 2, 2, 2 is output 
through the port 46. AS described above, regarding the 
optical path, which leads from the input port 47 to the port 
46, and the optical path which leads from the input port 48 
to the port 46, the wavelength dispersion characteristics of 
the Mach-Zehnder interference circuits connected to each 
other are mutually offset. Therefore, the optical multiplexer/ 
demultiplexer shown in FIG. 17 can function as an optical 
demultiplexer of which the dispersion is theoretically Zero. 
FIG.22 shows wavelength loSS characteristics in the case 

where an optical Signal has been input through the input port 
47 and output through the port 46. FIG. 23 shows wave 
length loSS characteristics in the case where an optical Signal 
is input into the input port 48 and is output through the port 
46. For wavelengths , ), or wavelengths 2, 2, the 
wavelength loss is zero (0) dB. 

FIG. 26 shows the wavelength dispersion characteristics 
in a wavelength passband of the optical path which leads 
from the input port 47 to the port 46, and FIG. 27 the 
wavelength dispersion characteristics in a wavelength pass 
band of the optical path which leads from the input port 48 
to the port 46. 

Further, a construction as shown in FIG. 28 may be 
adopted. Specifically, in an optical multiplexer/ 
demultiplexer wherein a first Mach-Zehnder interference 
circuit 72a in its third port (terminal 8) has been connected 
to a second port (terminal 7) of a second Mach-Zehnder 
interference circuit 72b and, likewise, the first Mach 
Zehnder interference circuit 72a in its fourth port (terminal 
9) is connected to a second port (terminal 7) of a third 
Mach-Zehnder interference circuit 72c, optical isolators 73 
and 74 are provided respectively on the third port (terminal 
8) of the Mach-Zehnder interference circuit 72b and the 
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fourth port (terminal 9) of the Mach-Zehnder interference 
circuit 72c, and optical Signals may be input thorough these 
optical isolators. In this case, the Second object of the 
invention, that is, Simultaneous use of a single optical 
multiplexer/demultiplexer in multiplexing purposes and 
demultiplexing purposes, can be attained. However, the 
wavelength dispersion of the optical Signal after multiplex 
ing output from the second port (terminal 7=port 46) of the 
first Mach-Zehnder interference circuit 72a is not zero (0), 
and is slightly increased. Therefore, the use of this construc 
tion as an optical multiplexer, wherein an optical isolator is 
inserted into the input side and the first Mach-Zehnder 
interference circuit is used as the output Side, is Somewhat 
disadvantageous. 

Although the preferred embodiments have been described 
by taking a waveguide type as an example, the construction 
can be realized, for example, by using an optical fiber-type 
coupler. 
AS is apparent from the foregoing description, the present 

invention has the following effects. 
(1) An optical multiplexer/demultiplexer can be provided 
which does not cause any wavelength dispersion and, at 
the same time, has excellent wavelength flatneSS in the 
passband. 

(2) The optical multiplexer/demultiplexer is connected in 
two Stages. Therefore, filtering is performed twice, 
leading to improved isolation characteristics. 

(3) Optical signals can be multiplexed and demultiplexed 
without increasing wavelength dispersion. This can 
realize an increased transmission Speed and an 
increased relay distance in a wavelength multiplexing 
communication System. 

(4) A Single optical multiplexer/demultiplexer can simul 
taneously function as one optical multiplexer and as 
one optical demultiplexer. This can reduce a Space for 
optical multiplexer/demultiplexers necessary for mul 
tiplexing and demultiplexing of a plurality of optical 
Signals different from each other in Signal Source, and, 
at the same time, can reduce the cost. 

The invention has been described in detail with particular 
reference to preferred embodiments, but it will be under 
stood that variations and modifications can be effected 
within the Scope of the invention as Set forth in the appended 
claims. 
What is claimed is: 
1. An optical multiplexer/demultiplexer, comprising: 
(a) first, Second and third optical multiplexer/ 

demultiplexer circuits that include: 
first, Second, third and fourth ports, 
a first optical path that has said first and third ports as 

terminals, 
a Second optical path that has said first and fourth ports 

as terminals, 
a third optical path that has said Second and fourth ports 

as terminals and that has the same wavelength loSS 
characteristics as Said first optical path and the same 
absolute-value wavelength dispersion characteristics 
as Said first optical path, the Sign of the wavelength 
dispersion characteristics being opposite to each 
other between the first and third optical paths; and 

a fourth optical path that has Said Second and third ports 
as terminals and that has the same wavelength loSS 
characteristics as Said Second optical path and the 
Same absolute-value wavelength dispersion charac 
teristics as Said Second optical path, the Sign of the 
wavelength dispersion characteristics being opposite 
to each other between the Second and fourth optical 
paths, 
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wherein Mach-Zehnder interference circuits are con 

nected in Series and in multistage and at least of one 
pair of Said first, Second and third optical 
multiplexer/demultiplexercircuits are placed in mir 
ror image relation; 

(b) an optical path that lies connecting said first optical 
path of the Said first optical multiplexer/demultiplexer 
circuit and Said third optical path of the Said Second 
optical multiplexer/demultiplexer circuit Such that a 
wavelength dispersion generated in the first optical path 
of Said first optical multiplexer/demultiplexer circuit is 
compensated by Said Second optical multiplexer/ 
demultiplexer circuit, and 

(c) an optical path that lies connecting said Second optical 
path of the Said first optical multiplexer/demultiplexer 
circuit and Said fourth optical path of the Said third 
optical multiplexer/demultiplexer circuit Such that a 
wavelength dispersion generated in the Second optical 
path of Said first optical multiplexer/demultiplexercir 
cuit is compensated by Said third optical multiplexer/ 
demultiplexer circuit. 

2. An optical multiplexer/demultiplexer according to 
claim 1, wherein: 

Said first port of Said first optical multiplexer/ 
demultiplexer circuit is an input port; and 

Said fourth port of Said Second optical multiplexer/ 
demultiplexer circuit and said third port of said third 
optical multiplexer/demultiplexer circuit are output 
ports. 

3. An optical multiplexer/demultiplexer according to 
claim 1, wherein: 

Said first port of Said first optical multiplexer/ 
demultiplexer circuit is an input port; and 

Said Second port of Said Second optical multiplexer/ 
demultiplexercircuit and Said Second port of Said third 
optical multiplexer/demultiplexer circuit are output 
ports. 

4. An optical multiplexer/demultiplexer, comprising: 
(a) first, Second and third optical multiplexer/ 

demultiplexer circuits that include first, Second, third 
and fourth ports, 
a first optical path that has said first and third ports as 

terminals, 
a Second optical path that has said first and fourth ports 

as terminals, 
a third optical path that has said Second and fourth ports 

as terminals and that has the same wavelength loSS 
characteristics as Said first optical path and the same 
absolute-value wavelength dispersion characteristics 
as Said first optical path, the Sign of the wavelength 
dispersion characteristics being opposite to each 
other between the first and third optical paths; and 

a fourth optical path that has Said Second and third ports 
as terminals and that has the same wavelength loSS 
characteristics as Said Second optical path and the 
Same absolute-value wavelength dispersion charac 
teristics as Said Second optical path, the Sign of the 
wavelength dispersion characteristics being opposite 
to each other between the Second and fourth optical 
paths, 

wherein Mach-Zehnder interference circuits are con 
nected in Series and in multistage; 

(b) an optical path that lies connecting said first optical 
path of the Said first optical multiplexer/demultiplexer 
circuit and Said third optical path of the Said Second 
optical multiplexer/demultiplexer circuit Such that a 
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wavelength dispersion generated in the first optical path 
of Said first optical multiplexer/demultiplexer circuit is 
compensated by Said Second optical multiplexer/ 
demultiplexer circuit, and 

(c) an optical path that lies connecting said Second optical 
path of the Said first optical multiplexer/demultiplexer 
circuit and Said fourth optical path of the Said third 
optical multiplexer/demultiplexer circuit Such that a 
wavelength dispersion generated in the Second optical 
path of Said first optical multiplexer/demultiplexercir 
cuit is compensated by Said third optical multiplexer/ 
demultiplexer circuit; 

wherein Said first, Second and third optical multiplexer/ 
demultiplexer circuits are placed in parallel, and Said 
first optical multiplexer/demultiplexercircuit is placed 
between said Second and third optical multiplexer/ 
demultiplexer circuits. 

5. An optical multiplexer/demultiplexer according to 
claim 4, wherein: 

Said first port of Said first optical multiplexer/ 
demultiplexer circuit is an input port; 

Said Second port of Said Second optical multiplexer/ 
demultiplexercircuit and Said Second port of Said third 
optical multiplexer/demultiplexer circuit are output 
ports, 

Said first port of Said Second optical multiplexer/ 
demultiplexer circuit and Said first port of Said third 
optical multiplexer/demultiplexer circuit are input 
ports, 
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Said Second port of Said first optical multiplexer/ 

demultiplexer circuit is an output port; and 
Said first port of Said first optical multiplexer/ 

demultiplexer circuit, Said first port of Said Second 
optical multiplexer/demultiplexer circuit and Said first 
port of Said third optical multiplexer/demultiplexer 
circuit are each provided with an optical isolator 
through which an optical Signal is inputted. 

6. An optical multiplexer/demultiplexer according to 
claim 4, wherein: 

Said first port of Said first optical multiplexer/ 
demultiplexer circuit is an input port; 

Said Second port of Said Second optical multiplexer/ 
demultiplexercircuit and Said Second port of Said third 
optical multiplexer/demultiplexer circuit are output 
ports, 

Said first port of Said Second optical multiplexer/ 
demultiplexer circuit and Said first port of Said third 
optical multiplexer/demultiplexer circuit are input 
ports, 

Said Second port of Said first optical multiplexer/ 
demultiplexer circuit is an output port; and 

Said first port of Said first optical multiplexer/ 
demultiplexer circuit, Said first port of Said Second 
optical multiplexer/demultiplexer circuit and Said first 
port of Said third optical multiplexer/demultiplexer 
circuit are each provided with an optical isolator 
through which an optical Signal is inputted. 
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